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Stoves,
Furnaces &
Fireplaces
Part Two In A Series On
Wood As A Fuel Source
INTRODUCTION
As  the  cos ts  o f  a l l  t ypes  o f  f oss i l  f ue l s
inc rease ,  more  and  more  a t ten t i on  i s  be ing
focused upon the role that wood may play in the
heating of homes. Many people want to learn more
about how to prepare f irewood, how to choose and
operate a wood heater, and the possible problems
related to home heating with wood.
Wood has advantages as a fuel because it is
in plentiful supply in many areas and it  can be an
economical heat source, as well as a renewable
resou rce ,  Howeve r ,  because  t he  cu t t i ng  and
hauling of wood is hard work, and the wood must
dry for at least 6 months before use, wood as a f uel
may not be convenient for everyone, Wood f ires
a l so  requ i re  a t ten t i on ,  and  s tove  p ipes  and
chimneys need cleaning to remove soot and
creosote.
Stoves, furnaces, and f ireplaces are the three
possible choices when deciding on the type of
wood burning instal lat ion for your home. The
fol lowing information should be helpful in deciding
which unit is best for you based upon eff iciency
and how it wil l  be used.
WOOD BURNING STOVES
Before purchasing a stove, f irst decide how it
wil l  be used. Wil l  i t  be for
1. emergencies uch as power outages?
2.  supplementa l  heat to the main furance or to
heat one or two rooms?
3. total heating of the entire house?
4. conversation and occasional use?
Consider the total cost of instal l ing a stove.
Remember you may need to buy stove pipe, f loor
and wall protection and a chimney. A complete
instal lat ion can cost several thousand dollars
which wil l take many years to pay back. Often this
money is better spent on insulating and weather
t ightening the house before switching fuels.
There are thousands of manufacturers of
woodburn ing  s toves  th roughou t  t he  wor ld .
Appearance, style, f inish, construction, materials,
and weight are some of the characterist ics which
need  to  be  eva lua ted .  Durab i l i t y  o f  we ld ing ,
sharpness of cabinet or stove edges which may
scratch or cut people, and abil i ty to burn wood
eff iciencly for maximum heat are other factors to
cons ide r .  Some pe rsons  a re  conce rned  w i th
creosoting of the stove pipe and chimney from
slow burning airt ight stoves while others want
stoves which wil l  burn wood for a lonq t ime and
with little attention.
Materials of Construction
Sheet metal stoves of relatively thin gauge
have been used for many years for heating. They
are relatively inexpensive but have a shorter l i fe
than plate steel or cast iron stoves. They wil l
quickly heat a room, but they also cool rapidly
when the f ire dies down. l f  occasional quick
heating is needed, such as for a cabin, a garage, or
emergency use thin walled stoves are appropriate,
Good draft control is very important to control
the rate of heating. Thin wall stoves should never
be heated red hot as they tend to warp and burn
through. Examine these stoves frequently for thin
soots,
Plate steel stoves made from steel 1/s inch or
thicker are also available. These welded stoves
hold heat longer. Many of these stoves are l ined
with f irebrick to protect he metal and to provide
more even heat,
Cast iron stoves warm up more slowly and
re ta in  hea t  l onge r  than  shee t  me ta l  s toves .
However, if other design and operating practices
are  equa l ,  t he  same amoun t  o f  hea t  w i l l  be
delivered to the room. Cast iron holds up well under
heat, has a long l i fe, spreads the heat away from
hot spots in the f ire, and generally does not warp. l t
cracks easily i f  dropped. USed cast iron stoves
shou ld  be  t ho rough l y  i nspec ted  by  pe rsons
knowledgeable intheir construction to determine if
there are any cracked, broken, or missing parts, or
areas that are waroed or thin.
Stove Types
Most wood stoves transfer heat to the room oy
radiating heat from the hot surface of the stove.
Radiant heaters produce heat that is most intense
at  c lose prox imi ty  and d imin ishes rapid ly  wi th
distance f rom the stove. Surfaces in direct l ine with
the stove wil l  be heated.
The combinat ion type stove is  s i rn i lar  to  the
Franklin stove in i ts use. l t  can be operated as an
open f ireplace or a closed stove. Most of these are
manufactured of cast iron and are large enough to
heat one or two rooms. Some of the stoves are buil t
with airt ight doors and good draft control.
A box stove is just what the name indicates, a
box. l t  can have either a square or rectangular
cross-section and is most often supported on legs.
The wood is placed on a bed of sand or ashes as
the stove does not usually have a grate. These
stoves are avai lab le in  many s izes,  in  a i r t ight
construction and with baff les or warming boxes to
increase their eff iciency. In the larger sizes, the f ire
box wil l  take f irewood in 24 inch lengths.
The parlor stove was designed to heat a
s ing le room. l t  usual ly  has a double s teel  wal l  or
jacket  around i t  which g ives a ' lower  sur face
temperature than a s ing le wal l  s tove.  l t  is  o f ten
available with a thermostat that regulates the drafts
and thereby the temperature in the room.
The pot belly stove is most often associated
wi th ra i l road stat ions and country  houses.  l t  is
usually made of cast iron and oflen has ornate
designs and t r im.  The smal l  d iameter  f i rebox
requi res that  wood be cut  in  shor t  lengths.  The
added height  a l lows bet ter  burn ing of  the vo lat i le
gases.
Kitchen stoves: A range can be used for
cooking as wel l  as heat ing.  Of  course,  a  range
warms the k i tchen whenever  i t is  used,  which can
be uncomfor tab le in  summer.  Most  ranges are of
cast  i ron construct ion and wi l l  burn e i ther  wood or
coal .  When wood is  burned,  the p ieces need to be
shor t  and sp l i t  fa i r ly  smal l .
C i r cu la t i ng  S toves :  These  s toves  a re
constructed with a metal box soaced about one
inch from the wall of the f irebox. Vents in the too
and bottom of the outer box al low natural air
currents to carry the heat away from the stove. The
outer surface of a circulating stove is not as hot as
a radiant  s tove and thus can be insta l led c loser  to
combust ib le  mater ia l than radiant  s toves.  This  a lso
makes the c i rcu lat ing s tove a wise choice i f  smal l
ch i ldren are involved.  Ci rcu lat ing s toves are bet ter
suited to heating a large room than radiant stoves.
Fladiant Heaters I t
Need greater  c learance. f  rom
\ combust ib le mater ia ls  than
\  c i rcu lat ing heaters.  /
Cooler Surface
t
vi"l' \ Ci rcu lating
Heaters
Room air is forced
around the firebox
by gravity or a lan,
Safer than radiant heaters since soarks
can't escape & the exterior does not get hot.
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Types of Stoves
Circulat ing
Stove
Air-tight Stoves
Eff  ic iency
The stove characterist ic that usually receives
the most attention is eff iciency. Eff iciency is the
pe rcen tage  o r  f r ac t i on  o f  chem ica l  ene rgy
available from the wood that heats the room.
Eff iciency depends on:
1.  the wood used
2. the ski l l  of the operator
3. the design of the stove and chimney.
Wood var ies in  s ize,  densi ty  and moisture
content ;  i t  is  not  a  s imple,  un i form fuel  l ike natura l
gas,  propane or  fue l  o i l .  Gas and o i l  burners
uni formly mix fue l  wi th  oxygen,  whi le  var ious ize
chunks of  wood are per iod ica l ly  dumped in to a
f i rebox.  Over  the years many stove designs have
been  deve loped  t o  ove rcome  the  d i f f i cu l t i es
inherent  in  wood- fueled combust ion.
Gas and o i l  can be burned at  fa i r ly  h igh
eff iciencies because the burner always operates
at  fu l l  output ,  but  the fue l  can easi ly  be s tar ted and
s topped .  Wood - fue led  hea te r s  ope ra te  mos t
ef f ic ient ly  when they are burn ing at  near ly  fu l l
capaci ty .  In  Spr ing and Fal l  i t  is  d i f f  icu l t  o  operate
wood stoves at  fu l l  output  o  create h igh enough
tempera tu res  f o r  good  combus t i on  and  hea t
transfer without overheating the room. Because
the stove is normally operated at reduced draft in
order to achieve a comfortable room temperature,
or  in  order  to  hold the f  i re  overn ight ,  the ef f  ic iency
of the stove is sacrif iced. Thus, stove eff iciency
may not be the most important factor in selecting a
stove.
Combustion Eff ic iency
When  bu rn ing  wood ,  combus t i on  o f  t he
volat i les can supply  a major i ty  o f  heat  f rom the
burn ing process.  F i rep laces,  which are about  10
percent  e f f ic ient ,  do not  re ta in  the gases long
enough to burn them complete ly .  To burn these
gases a long f lame path,  heated above 1 100
degrees F,  is  requi red.
Much greater eff iciencies can be achieved by
burn ing wood in  a s tove.  The wal ls  and top of  a
simple box stove can be heated suff iciently to aid
in  burn ing the vo lat i le  gases.  Some stoves have a
baff le buil t  into the f irebox. The baff le, heated by
the  f  i r e ,  c rea tes  a  l ong  f  l ame  pa th  wh i ch  i s
necessary to  ef f ic ient ly  burn the vo lat i le  gases.
Stoves wi th  no baf f  le  are ca l led updra{ t  or  d iagonal
draft stoves. Baff les can create a downdraft, a
crosscraft or an S draft,
The s ing le most  impor tant  factor  in  s tove
ef f ic iency is  the contro l  o f  a i r f low to the f i re .  The
!
Draft  Conf igurat ions
Chamber
Baf f les  heated  by  the  f i re ,
c rea te  a  long f lame path
necessary  to  e f f i c ien t ly  burn
vo la t i le  gases
Diagona l
Down
Bypass Damper
8af  le
airt ight stove is best in this regard because air can
be control led very well using t ight f i t t ing adjustable
draft openings, operated either manually or with a
thermostat. A box stove offers little control of the air
supply because air leaks around doors and at
joints. When the air supply is control led to the
stove, the wood wil l  burn more eff iciently and less
cool air from outside wil l  be drawn into the house
for  combust ion.
Heat Transfer Eff iciency
The abil i ty of a stove to transfer the heat to the
surroundings i important to overal l  eff iciency. The
surfaces of the stove must be warmed to radiate
heat. Updraft stoves typical ly burn hotter than
downdraft stoves; downdraft and S draft stoves, on
the other  hand,  usual ly  are larger to accommodate
a baff le, so they have more surface to radiate heat.
F i re  br ick l in ing in  the f i re  box reta ins a hot ter  f i re
and provides protection for the stove walls, but i t
reduces the radiation from that part of the stove.
Draf t  Contro l
A  comf  o r t ab le  r oom tempera tu re  i s  mos t
easi ly  mainta ined by contro l l ing the rate that  the
fire consumes the wood in the stove. The loose
fit t ing doors on a Franklin stove provide some
control of the f ire. However, much better control is
achieved i f  the s tove door  seals  the opening and
the a i r  f low in to the s tove is  contro l led by an
adjustable vent. Stoves constructed in this manner
are called airt ight stoves. On some stoves, this air
inlet is control led by a thermostat.
The primary air supply may not be adequate or
in  the correct  pos i t ion to  supply  a i r  to  suppor t  the
combustion of the volati le gases, so some stoves
have an addit ional air vent to introduce secondary
air above the f lame. The amount of secondary air
admitted is cri t icalfor eff icient operation. l ftoo l i t t le
a i r  is  admi t ted,  incomplete combust ion wi l l resul t . l f
too much a i r  is  admi t ted,  the gases wi l l  be cooled,
affecting combustion and heat transfer.
l f  you have been operating an air-t ight stove at
reduced  d ra f t  f o r  a  pe r i od  o f  t ime ,  do  no t
immediate ly  open the door .  Open the a i r  in le ts  and
wait 20 to 30 seconds before opening the door. As
the wood in the stove is burning with a low air
supply ,  a i r  rushing in  through an open door  could
cause f lames to shoot  out  through the opening.  A
fur ther  orecaut ion would be to  s tand to  the s ide of
the door ,
Stove Heating Capacity
Many  manu fac tu re r s  r a te  t he i r  s t oves  by
ei ther  the number of  cubic  feet  or  the number of
rooms the s tove wi l lheat .  Any capaci ty  ra t ing must
be used caut ious ly .  In  co lder  areas or  poor ly
insulated houses,  less area wi l l  be heated.  In
addi t ion,  heat  movement  in to more than one room
of the house may be very poor. Unless the rooms
are very open, attempting to heat more than one
room with a stove may result in uneven tempera-
tures and cold drafts along the f loor.
Many people purchase a stove that is too
large for  the room in which i t  is  insta l led,  l f  the s tove
is operating eff iciently, the room is overheated. l t  is
d i f f  icu l t  o  mainta in a smal l  f i re  in  a large s tove.  One
option would be to try to move the heat into other
rooms of the house.
Whi le  the concepts of  heat  f low are wel l
es tab l i shed ,  t he  des ign  recommenda t i ons  f o r
moving heat  f rom a wood stove through the house
have not  been wel l  documented.  Warm ai r  wi l l  r ise
to a room above if  a path is provided for the cool air
to return to the stove. The return path could be
regis lers  c lose to  the outs ide wal ls ,  or  an open
stairwav.
Combustion Efficiency ol Typical
Heating Units
STYLE EFFIC IENCY
Standard Fireplace
Fireplace with metal  l iners or
tube grates
Simple Updraft  Stove,
Frankl in stove
Airtight Stoves
Wood Furnace (Burning maple
at 20o/o moisture content)
Gas or Oi l  f i red Furnace
up to 100/o
up to'200/o
up to 300/o
up to 45-600/o
up to 50-600/o
up to 65-800/o
Natural  Convect ion System
Warm Air  Register
A furnace blower wil l  provide forced convec-
t ion and the s ize of  both the hot  a i r  and co ld a i r
return registers can be smaller than the registers
used for natural convection. The normal furnace
fan is  des igned to move large amounts of  hot  a i r  as
the f urnace is running intermittantly. A wood stove
is  a gent ler ,  cont inuous heat  source.  The rpm of  the
fan can be reduced by one hal f  to  prov ide a quieter
cont inuous ooerat ion.
l f  a  f an  mus t  be  pu rchased ,  t he  t yp i ca l
speci f icat ions would be a centr i fugal  (squi r re l
cage) fan with a fractional horsepower motor for
semi-cont inuous duty .  The fan should c i rcu late
about  one complete a i r  change in  the house each
30 minutes.  A 300 to  500 cfm fan would be
adequate for most homes.
A fan is usually necessary to move the warm
air from room to room when the rooms are on the
same level of the home as the stove.
Another effective way to move heat to other
parts of the house is to instal l  hot water coi ls in the
stove and pump the hot water to baseboard
radiators .  The water  co i ls  wi l l  normal ly  be kept  a t  a
temperature that  is  less than the boi l ing point  o f
wa te r .  C reoso te  w i l l  f o rm  on  t hese  co i l s  bu t
creosote is  less of  a  problem on co i ls  ins ide the
stove than co i ls  ins ide the s tove p ipe.  A pressure
rel ief valve should always be instal led in the water
l ine.  Such va lves are oar t  o f  a l l  convent ionalwater
heaters and boilers.
Wi th some insta l la t ions,  the hot  water  may
f low through the p ipes by natura l  convecl ion.
However ,  the p ipes must  be carefu l ly  des igned so
tha t  a i r  t r aps  a re  avo ided .  A  t he rmos ta t i ca l l y
Water Heating System
Water Pump
Heat ing Coi ls  ins ide stove
contro l led pump prov ides posi t ive c i rcu lat ion and
may be more effective than natural convection
systems.
FURNACES
Woodstoves are good for  heat ing smal l ,  open
houses or  one or  two rooms.  But  most  houses are
designed for central heating with a f urnace. Wood
burn ing furnaces are large enough to heat  an
enl i re  house.  Some are made to f i t  a  hot  a i r  duct
system, others a hot water system. l f  you have a
good wood supply and don't mind the hard work of
cutt ing, spl i t t ing, stacking and f.eeding the wood, a
furnace may be a good investment.
A stove becomes a furnace if  a sheet metal
jacket or box is placed around the stove to al low air
to circulate around the stove. The heated air is then
dis t r ibuted through ducts  and eventual ly  re turns
back to  lhe furnace for  reheat ing.  A good wood or
mul t i - fue l  furnace wi th  a convent ional  heat  c i rcu-
la t ing system prov ides even heal  d is t r ibut ion
throughout the house and offers the convenience
of remote temperature control.
Because  o f  t he  l a rge  f  ue l  capac i t y  and
contro l led burn ing,  most  f  urnaces requi re s tok ing
no more of ten than once every '10 hours and
somet imes as l i t t le  as once every 24 hours.  Some
of these units have a storage magazine l ike a
hopper, which holds a large charge of wood and
feeds i t  s lowly in to the combust ion zone.  Others
have extremely large l ireboxes that permit the
stoking of large quantit ies of large chunks of wood
(as large as ' l  3  inches in  d iameter  and 3 feet  long) .
Though burn ing large chunks is  not  as ef f ic ient  as
burning small st icks, the saving in cost of fuel
preparation is great
Al l  furnaces are themostat ica l ly  contro l led.
When the thermostat  is  not  ca l l ing for  heat ,  the
pr imary a i r  supply  is  very low so the f i re  wi l l
continue with a very low heat output. When heat is
demanded by the thermostat, the primary and
secondary a i r  suppl ies are opened.  The f i re  wi l l
burn at a high rate, with near complete combustion.
On some furnaces,  pr imary and secondary a i r  is
suppl ied by a b lower.  The hot  gases of  combust ion
then pass through a heat  exchanger  to  heat  he a i r
or  water  used to  heat  the house.  Usual ly  another
b lower forces a i r  f rom the house through the
exchanger. This type of furnace can be quite
eff icient.
In  addi t ion to  cut t ing the wood and stok ing the
f i re ,  a  wood furnace requi res more maintenance
than a gas or  o i l  burn ing one.  Ashes must  be
removed  and  t he  ch imney  mus t  be  c l eaned
per iod ica l ly .  The boi ler  or  heat  exchanger  may
need cleaning to remove any deposits. Before
purchasing a wood burn ing furnace,  you should
f i rs t  a lk  to  someone who a l ready has one to  learn
more about  how wel l they operate.
I t  is  des i rab le to  keep your  house warm when
you are not at home to avoid trozen water pipes.
Many wood burn ing furnaces come equipped,  or
can be equipped,  wi th  thermostat ica l ly  contro l led
oi l  burners.  The o i l  furnace automat ica l lv  comes
on when the wood f i re  d ies down,
Wood Burning
Furnaces
FIREPLACES
A masonry f i rep lace suppl ies rad iant  energy
to br ing quick comfor t  to  a co ld room. However ,  i t  is
not a very eff icient heater. The volati le gases,
conta in ing the h ighest  percentage of  the heat
va lue of  the wood,  are drawn up the ch imney
unburned and wasted to  the outs ide a i r .  In  addi t ion,
a i r  that  suppor ts  combust ion in  the f i rep lace is
drawn f rom the room, and must  be replaced by
cold outside air. The heat radiated to the room may
be less than the heat  hat  is  conta ined in  the a i r  that
is  drawn up the ch imney.  Addi t ional  heat  can be
lost i f  the f lue damper is left open after the f ire dies
out .
A furnace's thermostat, i f located away from
the f i rep lace,  should be turned down when us ing
the f i re  for  heat  so that  the combust ion a i r  is  not
warmed by the furnace. A thermostat located near
the f  i re  wi l l  be " f  oo led"  in to th ink ing the whole area
control led by that thermostat is warm.
Fireplace Construct ion and
lmproving Ef f  ic iency
"Zero clearance" prefabricated metal f ire-
o laces are avai lab le that  can be insta l led c lose to
the walls. Other metal free standing f ireplaces
must  be p laced out  in  the room at  least  36 inches
away  f r om combus t i b l e  wa l l s .  These  me ta l
f ireplaces have about the same eff iciency as
masonry f ireplaces, but they warm up faster. Of
course,  they cool  rap id ly  once the f i re  d ies down.
In open hearth fireplaces, most ol
the heat  escapes up the chimney
90o/o l  the heat
is  los t ,
Only 100/o of  the
potent ia l  heat  avai lable
goes lo the room.
Metal Freestanding Fireplaces
At the t ime of  const ruct ion,  a  meta l  l iner  can
be instal led in a masonry f ireplace. This unit
c i rcu lates a i r  f rom the room behind the meta l  f i re
box and out into the room either along the edge or
above the f ireplace mantle. A fan can be placed in
the duct  in  some of  these uni ts .  A l iner  can double
the heat that reaches the room from a conventional
f ireolace.
Tubes or hollow grates are available that
can be p laced in  the f i rep lace to  prov ide addi t ional
heat by air circulation. Some of these units rely on
natural airf low, others use a fan. One advert ise-
ment for a hollow tube device indicates a 5,000 to
1 0,000 Btu per hour heat gain. i f  electr icity costs 50
per KWH, this amount of heat can be produced
electr ical ly for 7 Q to 1 50 per hour. l f  the unit is very
expensive, many f ires are needed to recover this
investment.
Tight f i t t ing glass doors on the f ireplace
greatly reduce the radiation that reaches the room.
However, the doors reduce the amount of warm air
f rom the room that  is  lost  up the ch imney.  Probably
the most heat wil l  be gained if  the doors are opened
dur ing the hot ter  s tages of  the f i re  and c losed as
the f ire dies out. The greatest saving occurs when
the closed doors controlthe loss of heat overnight.
A t ight fi t t ing metal door or sheet of asbestos could
also be used.
Hol low Tubes
Fan is optional
Out lets  may be located in
an adjacent  or  2nd story Warm Air
Ductroom
Warm
Ai r Metal
L tner
Modified fireplaces
heat more efficiently
than ordinary f ireplaces. Cool Air Ducl
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Replac ing Fi replaces wi th Wood
Stoves
Severa l  s toves have been develooed to in-
crease the ef f ic iency of  the f i rep lace.  Some con-
trol led draft wood stoves are buil t  to f i t  Inside
exis t ing f i rep laces.  Others are designed to s i t  in
f ront  o f  the f i rep lace wi th  a p iece of  sheet  meta l to
cover  the f i rep lace opening.  These insta l la t ions
el iminate the need for  another  ch imney.
l f  the s tove is  des igned to f i t  ins ide the
f i r ep lace ,  t he  manu fac tu re r ' s  i ns t r uc t i ons  f o r
insta l la t ion should be fo l lowed.
There are several ways to insert he stovepipe
into the chimney for stoves that sit  in front of the
f i rep lace.  One way is  to  remove or  wi re open the
damper and inser t  he s tove p ipe through a snug
f i t t ing meta l  sheet  p laced in  the damper opening.  A
non combustible material can be used to create a
seal at the connection. Be sure the stove pipe can
be easily removed for cleaning.
lf  the stove is too tal l  for the stove pipe to be
inserted irectly into the f ireplace, or i f  you want to
obtain heat from the stove pipe, the conneclion
can be made above the f ireplace.
In some instances creosote may run down
toward the f ireplace into the sealing material or
past  the damper and accumulate in  the or ig ina l
f ireplace opening. Check frequently for creosote
accumulation. The material used to create the seal
the f ireplace may need to be replaced periodical ly.
Damper
Closed
Check l requent ly  to r
c reosote  accu mula t ion .
Adapted by Kathy Collier; Extension Assislant and Larry W.
Turner, Extension Agricultural Engineer, University of Ken-
tucky, from the publication, "Burning Wood," by the Northeast
Regional Agricultural Engineering Service, Cornell U niversily,
Ithaca. New York. 14853
Non-
Combust ib le
Seal ing
Mater ia l
Check f requent lY for
creosote accumulat lonStoves That Fit Into
Exist ing Fireplaces
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